Objective: Respiratory support of neonates during and following laser surgery for retinopathy of prematurity (ROP) is commonly accomplished using endotracheal intubation and mechanical ventilation. However, most patients undergoing ROP surgery have been weaned off mechanical ventilation days or weeks before the surgery. When they are electively re-intubated for ROP surgery, it can be difficult to extubate them postoperatively. One of the three level III neonatal intensive care units (NICUs) in the Intermountain Healthcare system initiated a program of using nasopharyngeal prongs, rather than endotracheal intubation, for respiratory support during ROP surgery.
Objective: Respiratory support of neonates during and following laser surgery for retinopathy of prematurity (ROP) is commonly accomplished using endotracheal intubation and mechanical ventilation. However, most patients undergoing ROP surgery have been weaned off mechanical ventilation days or weeks before the surgery. When they are electively re-intubated for ROP surgery, it can be difficult to extubate them postoperatively. One of the three level III neonatal intensive care units (NICUs) in the Intermountain Healthcare system initiated a program of using nasopharyngeal prongs, rather than endotracheal intubation, for respiratory support during ROP surgery.
Methods:
We performed an historic cohort analysis of all neonates undergoing ROP surgery during their NICU stay at the three level III NICU's between 1 January 2002 and 31 March 2006. Data collected included birth weight, gestational age at delivery and corrected gestational age at ROP surgery, whether or not they were intubated in the days immediately preceding the ROP surgery, whether or not they were electively intubated for the ROP surgery, the respiratory modality used during and the 3 days following ROP surgery, and all blood gas determinations and respiratory charges during this period.
Results: Fifty-four patients underwent ROP surgery during this period. All 23 from NICUs 'A' and 'B' had endotracheal intubation for surgery, while in NICU 'C' 24 were managed using nasopharyngeal prongs. The birth weights of those intubated for surgery (661±180 g, mean±s.d.) were similar to those not intubated (732±180 g). Similarly, the gestational age at birth did not differ between those intubated for surgery (25.2±1.3 week) and those not (25.6±2.1 week). The day following surgery, 77% (23/30) of those who had been intubated for surgery remained intubated and on mechanical ventilation, whereas only one (4%) of those not intubated for surgery was intubated in the postoperative period (P<0.001). On day 3 following surgery, 50% (15/30) of those intubated for surgery remained intubated and on mechanical ventilation, whereas none of those not intubated for surgery were intubated (P<0.001). Management with nasopharyngeal prongs did not result in higher PCO 2 s, or lower pH values, during or after surgery. Respiratory
Introduction
Most neonates undergoing retinopathy of prematurity (ROP) laser surgery are supported during the surgery and postoperatively with mechanical ventilation through an endotracheal tube. 1 Many patients needing ROP surgery have been extubated from mechanical ventilation days or weeks before the surgery, but are then electively re-intubated for the surgery. Most patients requiring ROP laser surgery have chronic lung disease (CLD), and they can be very difficult to wean from mechanical ventilation postoperatively.
In January 2002, one of the three level III neonatal intensive care units (NICUs) within the Intermountain Healthcare system began a program to avoid endotracheal re-intubation of patients for ROP surgery. Rather than electively intubating these patients for surgery, an attempt was made to manage them during and after surgery using nasopharyngeal long prongs (Binasal Airway in sizes 2.5 mm, 3.0 mm, or 3.5 mm outside diameter (OD) Â 4 cm length; Neotech Products Inc., Valencia, CA, USA). 2 Before this change was instituted in one NICU, all three level III NICUs in this hospital system used endotracheal intubation as the sole method for respiratory support during ROP surgery. Elective intubation for ROP surgery was continued by two of the NICU's, 'hospital A' and 'hospital B', whereas 'hospital C' preferentially utilized the nasopharyngeal long prong approach. 'Hospital C' postulated that intraoperative and postoperative management without endotracheal intubation would be feasible and would reduce the days of mechanical ventilation in this population. [3] [4] [5] [6] The present study was undertaken as an analysis of all neonates who underwent ROP laser surgery in any of the three Intermountain Healthcare NICUs between January 2002 and March 2006. Among all those undergoing ROP surgery, we assessed the respiratory modality used the day before surgery, during surgery and for 3 days following surgery. We also tabulated all blood gases and respiratory charges during this period.
Methods
We performed an historic cohort analysis of all neonates who had ROP surgery in any of the three Intermountain Healthcare level III NICU's between January 1, 2002 and March 31, 2006. From electronic data or paper charts, we recorded the respiratory modality used on the day prior to the ROP surgery, during the surgery, and during the next three days following the surgery. We also recorded the gestational age at birth, birth weight, the corrected gestational age at the time ROP surgery was performed and all blood gas determinations and respiratory charges during this period. The program used for electronic data entry and collection was a modified subsystem of 'clinical workstation' (3 M Company, Minneapolis, MN, USA). The hospital charges for respiratory care were retrieved from the Intermountain Healthcare electronic archived financial data repository.
The nasopharyngeal prongs used were 'Binasal Airway' in sizes 2.5 mm, 3.0 mm, or 3.5 mm OD Â 4 cm length (Neotech Products Inc., Valencia, CA, USA). These were used in accordance with the manufactures' recommendations.
Descriptive statistics were calculated using SPSS (v 13.0) for Windows. Between group means were tested using independent sample t-tests when parametric assumptions were met, with Wilcoxon Rank-Sum tests used for non-parametric comparisons. Proportions were compared between groups using Fisher's exact test. For all tests two-tailed tests were used, and a was set at 0.05. The Intermountain Healthcare Institutional Review Board approved the study.
Results
Between 1 January 2002 and 31 March 2006, 54 neonates underwent ROP surgery at the Intermountain Healthcare level III NICUs. Medical records of all 54 patients were obtained and reviewed. At two of the NICUs, 'hospital A' and 'hospital B', endotracheal intubation was used for all neonates undergoing ROP surgery. At one NICU, 'hospital C', endotracheal intubation was used in 23% (7/31) and nasopharyngeal prongs in 77% (24/31) of those undergoing ROP surgery.
Birth weight, gender, race, gestational age at birth and corrected gestational age at ROP surgery were similar among patients undergoing ROP surgery in the three NICUs (Table 1 , panel a). These features were also similar between the 30 who were intubated for ROP surgery and the 24 who were managed with nasopharyngeal prongs (Table 1 , Panel b).
Among the 54 neonates who underwent ROP surgery, nine were already intubated and were receiving mechanical ventilation the day before surgery. All nine remained intubated during the surgery and for the 3 days after the surgery. However, 45 of the 54 were not intubated on the day before surgery, as they had all been successfully weaned off mechanical ventilation. These 45 patients were using a variety of respiratory modalities, as listed in Table 2 . For instance, 30 of the 54 were receiving supplemental oxygen by nasal cannula before surgery, eight were on nasal continuous positive airway presence, three were managed using head box oxygen and four were on room air with no respiratory support.
All eight neonates in 'hospital A' who were not already intubated before surgery, were electively intubated for the ROP surgery (Table 2) . Similarly, all eight neonates in 'hospital B' that were not already intubated before surgery were electively intubated for the surgery. Of the 29 patients in 'hospital C' who were not already intubated, five were electively intubated for the surgery but 24 were not, and were managed with nasopharyngeal prongs. The five intubations for surgery at 'hospital C' were carried out at the choice of the attending anesthesiologist with no note in the medical record regarding why intubation was performed rather than nasal prongs as called for in the guidelines. Of these five who were electively intubated for ROP surgery in 'hospital C', one remained intubated for 4 days following surgery, one remained intubated for 3 days following surgery, two remained intubated for 1 day following surgery, and one was extubated 1 h following surgery.
Of the 45 patients who were not receiving mechanical ventilation the day before ROP surgery, 21 were electively intubated for the surgery (group 1) and 24 were electively not intubated (group 2), but were managed by nasopharyngeal prongs. The 21 that were electively intubated for ROP surgery (group 1) remained intubated and on mechanical ventilation for a median of 2 days (range, 1 to 11 days; mean±s.d., 3.4±3.3 days). In contrast, only one of the 24 patients in Group No. 2 eventually required endotracheal intubation (for about 48 h) for management of a climbing P CO 2 , whereas endotracheal intubation was successfully avoided in 23 of the 24 in group 2. The 10 patients in group 1 who remained intubated for 3 days or more after ROP surgery (Table 3) were finally extubated after 3, 3, 3, 3, 4, 5, 8, 9, 10 and 11 days, respectively.
Managing patients with the nasopharyngeal prongs did not result in higher PCO 2 or lower pHvalues compared with endotracheal intubation (Table 4) . However, one patient managed intraoperatively and postoperatively with nasopharyngeal prongs developed an elevation in PCO 2 from 54 torr at the time of surgery to 73 a few hours after surgery. He was the only patient who managed with nasopharyngeal prongs during surgery and subsequently received endotracheal intubation after surgery. More blood gases (n ¼ 50) were obtained on the day of surgery or during the subsequent 3 days among the patients who were intubated for surgery than were obtained (n ¼ 10) among those who were managed with nasopharyngeal prongs.
The respiratory charges (excluding blood gas charges) for the 3 days following surgery were $1762±678 per patient (mean±s.d.; Table 2 The modality used for respiratory support of 54 patients undergoing ROP laser surgery Discussion ROP is a common problem in neonatal intensive care. 7 The annual number of new cases of ROP appears to be increasing worldwide, likely because of the constantly improving ability of modern neonatology to save smaller and more immature neonates. 7, 8 Laser ablation of the abnormal retinal vessels is the most common surgical procedure performed on neonates with ROP, in an attempt to stop the disease progression to retinal detachment and blindness. 9 It is typical for anesthesiologists or respiratory therapists to support neonates undergoing ROP surgery by using endotracheal intubation and mechanical ventilation. 1 However, as virtually all patients requiring ROP surgery also have CLD, it can be difficult to extubate these patients postoperatively.
Among 54 neonates who underwent ROP laser surgery in recent years in the level III NICUs of Intermountain Healthcare, an alternative approach was tested in 24, namely, mechanical ventilation using nasopharyngeal prongs in an attempt to avoid endotracheal intubation. Of the 54 patients who had ROP surgery, nine (17%) were being managed with mechanical ventilation and an endotracheal tube in the days leading up to the ROP surgery. Patients who require mechanical ventilation when ROP surgery is needed probably must go to surgery intubated and on a ventilator. However, the majority of patients requiring ROP surgery (73% in our series) have already been successfully weaned off mechanical ventilation before the ROP surgery is needed. The question is whether or not these patients should be reintubated for surgery.
We are of the opinion that, based on the present data, most of these patients can be managed during and after ROP surgery using nasopharyngeal prongs as an alternative to reintubation. As we observed, when intubation is elected for respiratory management during ROP surgery, it can be difficult to extubate the patient in the immediate postoperative period, probably because of underlying CLD. However, when such patients are managed intraoperatively with nasopharyngeal prongs, few will require intubation postoperatively, and the majority (23 of 24 or 96% in our series) Avoiding intubation for ROP surgery DD Woodhead et al will have intubation averted completely by this approach, and thus they will have 2 or 3 fewer days of endotracheal intubation and mechanical ventilation. In a small series such as this, it is not meaningful to consider the effect of 2 or 3 fewer days of mechanical ventilation on relatively rare outcomes like ventilator-associated pneumonia or pharyngeal/tracheal trauma from re-intubation. However, in very large series, a reduction in 2 or 3 ventilator days per patient might indeed result in significantly fewer respiratory complications. Even in our small series, avoiding 2 or 3 days of mechanical ventilation was associated with a statistically significant cost savings. The overall charges for the entire hospital stay were not tabulated as part of this study; thus, we recognize the limitation that we have not demonstrated an overall cost savings from this approach. However, we feel that it is likely that reducing mechanical ventilation by even 2 or 3 days for patients undergoing ROP surgery could constitute a small but worthwhile advance in their care.
